The nucleotide sequence of the eta gene, which codes for the epidermolytic toxin serotype A of Staphylococcus aureus TCl6, is reported. The coding sequence of 840 nucleotides specifies a protein which, when secreted, has a predicted molecular weight of 26,950. The sequence of eta and the deduced amino acid sequence of the toxin have been compared with those of epidermolytic toxin serotype B. The coding sequences have 52% identical residues, and the polypeptides have 40% identical residues. Amino acid residues have been conserved in the areas of the proteins which correspond to major hydrophobic domains, whereas the regions likely to specify antigenic determinants occur in hydrophilic sequences that have diverged. The level of expression of epidermolytic toxin A in S. aureus 8325-4 was shown to be dependent on the integrity of a regulatory gene called agr.
The nucleotide sequence of the eta gene, which codes for the epidermolytic toxin serotype A of Staphylococcus aureus TCl6, is reported. The coding sequence of 840 nucleotides specifies a protein which, when secreted, has a predicted molecular weight of 26, 950 . The sequence of eta and the deduced amino acid sequence of the toxin have been compared with those of epidermolytic toxin serotype B. The coding sequences have 52% identical residues, and the polypeptides have 40% identical residues. Amino acid residues have been conserved in the areas of the proteins which correspond to major hydrophobic domains, whereas the regions likely to specify antigenic determinants occur in hydrophilic sequences that have diverged. The level of expression of epidermolytic toxin A in S. aureus 8325-4 was shown to be dependent on the integrity of a regulatory gene called agr.
Strains of Staphylococcus aureus which cause the staphylococcal scalded skin syndrome secrete an extracellular toxic protein called epidermolytic toxin or exfoliative toxin (ET; reviewed by Elias et al. [10] ). The purified forms of the toxin can induce skin exfoliation experimentally by splitting of the epidermis in the plane of the stratum granulosum (3) . Two serologically distinct forms of the toxin (ETA and ETB) have been described (4, 14) . They differ in molecular mass (30 and 29.5 kilodaltons, respectively), pI values, and heat stability (4, 27) . Some amino acid sequence homology was observed in N-terminal residues of the two serotypes, but the toxins differed considerably in tryptic peptide maps and amino acid composition (4, 14) .
The genes coding for ETA and ETB (eta and etb, respectively) have recently been cloned in Escherichia coli phage and plasmid vectors (12, 18, 25, 26) . The eta gene is known to be located in the chromosome of S. aureus (25) , whereas large plasmids have been implicated in the expression of ETB (24) . However, the etb gene has only recently been shown unequivocally to be plasmid linked (12, 26) .
The nucleotide sequence of the eta gene cloned from a scalded skin syndrome-associated strain of S. aureus is described in this paper. The accompanying paper (18) Bacteriological media, chemicals, and enzymes. S. aureus was routinely grown in Trypticase soy broth and agar (BBL Microbiology Systems, Cockeysville, Md.). BernheimerSchwartz broth (5) was used for ETA expression studies. E. coli strains were routinely cultured in L broth and agar (19) . E. coli 71-18 was routinely subcultured on M9 minimal salts agar supplemented with glucose, proline, and thiamine (19 (25) . The eta coding sequence was localized on pETA3 by transposon mutagenesis (25) . A 2.6-kb EcoRI-PvuII fragment was subcloned from pETA3 into M13tg130 and M13tgl31, and an ordered set of deletions entering the cloned S. aureus DNA from both extremities and spanning the eta gene was generated with BAL 31, allowing both strands to be sequenced.
The coding sequence for ETA was identified by searching for residue identity with an oligonucleotide sequence back translated from the chemically derived N-terminal amino acid sequence (14) . The nucleotide sequence of the eta gene and the amino acid sequence of the gene product are shown in Fig. 1 . The ATG initiation codon begins at residue 257, and the coding sequence extends for 840 residues to position 1097. The putative ribosome binding site begins at residue 245. It has homology with the 3' end of 16S rRNA of Bacillus subtilis (21) and is optimally positioned with a 7-residue gap from the ATG codon (11) .
The candidate for the promoter beginning at residue 178 has reasonable similarity to E. coli and B. subtilis consensus promoters in terms of both base homology and spacing (20, 30) . There are two potential transcription termination signals distal to the eta coding sequence (29) . These palindromic sequences are followed by a run of T residues where transcription could stop (Fig. 1) . Amino acid sequence of eta. Alignment of the chemically derived N-terminal amino acid sequence of ETA (14) with the translation product of the eta gene reported here suggests that the signal peptide comprises 38 residues. It has features in common with the signal peptides of other secreted proteins from S. aureus (7, 15) . One discrepancy between the deduced amino acid sequence and chemical analysis is that the previously reported C-terminal residue is lysine (4) . Perhaps the C-terminal asparagine and glutamic acid residues are removed proteolytically in S. aureus culture supernatants. The predicted molecular weight of the mature form of the toxin (including the C-terminal N and E residues) is 26,950, which is close to the value of 26,500 obtained electrophoretically (13) .
Expression of eta. We previously demonstrated (25) that expression of the eta gene cloned on a 4-kb fragment from S. aureus TC16 was regulated by a locus called the accessory gene regulator (agr) (9, 28) . One of the BAL 31-generated deletions constructed here (A&eta-15) included the structural gene eta and 256 base pairs of DNA upstream from the ATG codon (Fig. 1) . It was subcloned from the M13tg vector into pUC18 and pUC19 to yield pETA7 and pETA8, respectively. Both (18), and Fig. 2 shows the eta sequence aligned with that of etb. The coding sequences have 440 identical residues out of 840 (52%). This explains our previous observation that eta and etb did not hybridize in Southern blots performed at 80% stringency (26) . A sequence of 29 base pairs containing dyad symmetry which is located upstream from the eta coding sequence has 28 identical residues (97%) with a sequence in the promoter-containing region of the etb clone.
Comparison of ETA and ETB. The aligned amino acid sequences of ETA and ETB (32) are shown in Fig. 3 . The number of identical residues in the primary translation products is 113 out of 280 (40%). Interestingly, the hydopathy plots (17) of the two proteins are very similar in profile, with hydrophobic and hydrophilic domains occurring in the same regions (data not shown). Amino acid sequences have been conserved in certain areas of the proteins which correspond, in two of the cases, to major hydrophobic domains.
DISCUSSION
In this paper we report the DNA sequence of the gene coding for ETA cloned from S. aureus TC16, a strain which was isolated in Glasgow, Scotland, in 1969. In the accompanying paper (18) G+C content of this residue is 15%. This reflects the low G+C content of the chromosomal DNA of the host organism.
We have demonstrated that ETA is expressed at reasonable levels in E. coli when cloned in both orientations in pUC vectors, presumably because the eta promoter is active. However, expression of ETB in E. coli is dependent on vector promoters (12, 26) . This difference may be explained by the most likely candidate for the eta promoter being reasonably similar to the E. coli consensus promoter, whereas no closely related sequence has been identified upstream from the etb gene (18) .
The expression of several extracellular proteins by S. aureus is controlled positively by a regulatory locus called agr (6, 9, 28 ). In agr mutants the level of protein secreted in culture supernatants is much lower than in the wild type. There is a concomitant reduction in specific mRNA, at least in the cases of a-toxin and toxic shock syndrome toxin 1 (28) . It is possible that control is exerted at the level of transcriptional initiation, although other mechanisms are 
